Chlorpromazine Phototoxicity: Growth Inhibition and DNA-Interaction in Normal Human Fibroblasts  by Ljunggren, Bo et al.
0022-202X/80/ 7503-0253$02.00/0 
THE JOURNAL O F' INVESTIGATIV E DEilMATOLOGY. 75:253-256, 1980 
Copyright © 1980 by The Williams & Wilkins Co. 
Vol. 75, No.3 
Printed in U.S.A. 
Chlorpromazine Phototoxicity: Growth Inhibition and DNA-Interaction 
in Normal Human Fibroblasts 
Bo LJUNGGREN, M.D., STEVEN R. CoHEN, M.D., M.P.H. , D . MARTIN CARTER, M .D ., PH.D., AND 
SusAN I. WAYNE, M.S. 
Dep artment of Dermatology, Yale University School of M edicine, New Haven, Connecticut, U.S.A. 
Growth was impaired in normal human skin fibro-
blasts following treatment with chlorpromazine and 
long-wave ultraviolet light (UV-A). The degree of im-
pairment was dose dependent to chlorpromazine within 
the concentration range tested, 2.5-20 J.Lg/ml, in the pres-
ence ofUV-A, 1 J/cm2• Pre-irradiated chlorpromazine at 
a concentration of 20 J.Lg/ml had no effect on fibroblast 
growth. Chlorprotixene, a thioxanthene compound 
structurally similar to chlorpromazine at a concentra-
tion of 10 J.Lg/ml, was not phototoxic in this system. 
The effects of chlorpromazine and UV-A on fibroblast 
DNA were studied using the technique of zone sedimen-
tation in alkaline sucrose. In the absence of light chlor-
promazine did not affect sedimentation of DNA. After 
UV -A irradiation at 20° or 0°C in the presence of chlor-
promazine, labeled DNA sedimented more slowly indi-
cating that it had been reduced to smaller fragments. No 
evidence for interstrand DNA cross-links was found . 
Chlorpromazine alone or in combination with UV-A did 
not alter the size of the DNA. · 
These results with cultured fibroblasts indicate that 
the phototoxic action of chlorpromazine at 366 nm is at 
least partially explained by interaction with DNA and is 
not due to the effects of cytotoxic· photoproducts. 
The phototoxic properties of chlorpromazine (CPZ, Fig 1) 
have become well known in t h e 25 yr s ince this phenothiazine 
derivative was introduced as a tranquilizer [1). The mechanisms 
of CPZ phototoxic ity are not fully unders tood although evi-
dence has been presented suggesting that the effects in vivo [2] 
and in vitro [3] upon red blood cells may be due to toxic 
photoproducts. The UV action spectrum of CPZ in vivo extends 
from 330 nm to 380 nm [ 4]. The photo toxic reaction in vitro is 
oxygen indep endent [5]. Following ultraviolet irradiation, CPZ 
forms a stable free radical [6], and it has been proposed that 
this radical itself or its polymerization products account for the 
phototoxic action. 
CPZ binds to various cell constituents such as nuclear DNA 
[7,8], microsomes (9] and proteins (10]. The significance of this 
binding capacity in relation to effects in vivo remains uncertain. 
In cultured Chinese hamster cells, however, CPZ plus long-
wave ultraviolet radiation (UV-A) causes a n increase in the 
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number of chmmosomaJ abberations a nd in mutation frequen cy 
[ll]. Inactivation of DNA and RNA vu·uses has also been 
d emonstrated after exposme to CPZ and UV light [12,13] a nd 
the lethal e ffect could be corre lated wi t h DNA strand breaks 
[12]. 
It is surpris ing that the phototoxic properties of CPZ could 
not be demonstrated in a previous study using a nimal and 
human cell lines to evaluate drug phototoxicity [14] although 
thioridazine was active. Chlorprotixen e (CPX), a thioxanthene 
derivative structurally similar to CPZ (Fig 1), was not photo-
toxic in mice although it was highly active as an inhibitor of 
growth in yeast [15]. 
W e have previously developed cell culture techniques for t h e 
study of phototoxic effects in huma n fibroblasts us ing psoralen 
compounds as a probe (16,17]. In th e present r eport we examine 
the effects of UV -A in combination with e ither CPZ or CPX on 
the growth of normal huma n fibro blasts in cuJtme, as well as 
the photo reactions of CPZ and CPX with fibroblast DNA. 
MATERIALS AND METHODS 
Cell Culture 
For the growth experimenls we employed a strain of normal cuta-
neous human fibrob lasts designated 36 CCZ. This strain was derived 
from newborn foreskin and maintained in our laboratory according to 
procedures which we have described elsewhere [16]. Cells were culti-
vated in Dulbecco's modified Eagle medium (DMEM) (Microbiological 
Associates) supplemented with 10% felal calf serum and incubated at 
37°C in a controlled atmosphere of 5% C0":95% a ir. Subcul t ivation was 
performed weekly, using t rypsin-EDTA (Gibco). Medium was changed 
only at the time of subcul t ivation. 
UV and Dmg Exposure 
Sixty-six to 72 hT following subcultivation cells growing in either 25 
em" or 75 em" plastic tissue culture flask (Corning) were exposed to 
CPZ and UV tight. The source of radiation was a Spectronics Model 
XX-15 Lamp (Spectronics Corpora tion, Westbm y, L. I. , N.Y.) t hat 
housed 2 black light fluorescenl tubes with an incident emission of0.75 
mw/ cm" (predominantly 366 nm) at a distance of 12 inches from the 
irradiance plane. Incident energy was measw·ed in air wi th a Blak-Ray 
ult raviolet meter, type J -221 (Ultraviolet Products Inc., San Gabriel, 
Galifornia) . Chlorpromazine (CPZ) (Fig J) was obta ined from AB Leo, 
Hels ingborg, Sweden. Prior to each experiment a fresh aqueous slock 
solution of CPZ, 1 mg/ mJ in distilled water was prepared, sterilized by 
filtration (pore size 0.01 p.) and further dilu ted in sterile isotonic saline 
to the concentration used (2.5-20 p.g/ ml) . Chlorpro tixene (CPX) (Fig 
1) was obtained from AB Lundbeck, Copenhagen, DenmaJ-k. Stock and 
treatment solu t ions (10 p.g/ml) were prepared in a manner similar to 
tha t for CPZ. 
Growth S tudies 
Tissue cul ture flasks, 75 em", containing cells in logari thmic growth 
were studied 72 hr after subcultivation. Medium was poured oul and 
the monolayer of cells was washed with phosphate-buffered saline 
(PBS). Cells in flasks received either no t reatment (saline only); expo-
suTe to UV-A alone using a total dose of I jou le (J) / cm2; exposure to a 
solut ion of CPZ or CPX in saline for 15 min at 37° in the dark; or 
exposure to solutions of CPZ or CPX for 15 min at 37° followed by 
UV-A (1 J / cm2). Treatmenl solulions were then discarded and the cells 
were washed with PBS, suspended in trypsin-ED'I:A and seeded in to 9 
replicale 25 em" flasks at a density of approximately 1.25 X 10'' cells/ 
flask. Cells in individual flasks were harvested and counted at intervals 
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FIG 1. Structural formulae of chlorpromazine and chlorprotixene. 
of 6 hr and 1, 2, 3, 4, 5, 7, 10 and 14 days after treatment. The number 
of cells at each point was plotted on a logarithmic scale. Cell counts 
were determined with a high speed electronic particle counter (model 
ZBI Coulter E lectronic Inc., Hialeah, FL). Experiments were repeated 
at least twice. 
In some experiments cell viability was evaluated 6 hr after irradiation 
by staining with a 0.4% trypan blue solution and count ing those cells 
that excluded the stain. 
Zone Sedimentation on Alhaline Sucrose Gradients 
Tissue cul ture flasks, 25 cm2, were inoculated at a density of approx-
imately 5 x 10'' cells/flask 96 hr before irradiation. 72 hr later the cells 
were cultivated fo r 24 h1· in DMEM containing tritiated thymidine 
3pCi/rnl (New England· Nuclear, Boston, Mass. ). Cells, still in logarith-
mic growth, were washed with PBS and the media was replaced with 
a test solu tion of CPZ or CPX. After incubation in the dark for 15 min, 
the flasks were exposed to UV-A receiving a dose of 1 J/cm2 • Some 
flasks were kept on ice during the irradiation. Control flasks were kept 
in the dark. After discarding the treatment solu tion the cells were 
harvested immediately and prepared for zone sedimentation as we have 
previously described [18]. The cells were removed by gentle scraping 
and suspended in normal, cold saline. The suspension was centrifuged 
at 3000 rpm for 10 min and the pellet washed in isotonic saline. The 
cells were fina lly suspended in isotonic saline at a concentration of 4 
x 10" cells/mi. 
Using an automatic gradient forrper (Buchler) 4.5 ml alkaline gra-
dients (pH 12.2) of 5 to 23% sucrose were prepared in ni trocellulose 
tubes and stored for up to 24 hr at 20°C until ready for use. Immediately 
before adding the cells, to the top of each gradient were layered: 0.2 ml 
of 0.5 M NaOH; and 0.06 ml of an aqueous solu tion containing butanol-
2, 12% sodium tri-isopropyl-napthalenesulfonate, 2% (Eastman), and 
sodium 4-aminosalicylate, 2% (Sigma). Finally, 0.2 ml of the saline celJ 
suspension (containing 2 X 10" cells) was layered on top of each tube. 
After 60 min at 20°C, t he tubes were placed in an SW50.1 rotor and 
spun in an ultracentrifuge (Beckman model L-265B) at 49,000 rpm for 
25 min at 20°C. Fractions (approximately 0.11 ml) were collected from 
the top .using an automatic collection system (Buchler) and placed 
directly in scintillation vials containing 0.5 ml H20. Scintillation !:luor 
(Aquasol, New England Nucleru·; 4.0 ml) was added and vials shaken 
vigorously to form .a stiff ge l. Vials were placed in a scintillation counter 
(Beckman LS 7000) for measurement of radioactivity du e to tritium. 
Resu lts from the same experiment are plotted on the same figure 
and each curve represents coun ts from a.single centrifuge tube. When 
more than one curve appears on the same figure, the tubes were spun 
together and collected on the same day. The experiments were repeated 
at least twice and shifting patterns shown in the figures were reproduc-
ible in all instances. 
RESULTS 
Normal human fibroblasts in logarithmic phase growth ex-
posed to control conditions, saline alone, saline plus UV-A and 
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CPZ (2.5-20 /Lg/ ml) or CPX (10 /Lg/ml) a lone sh owed ide ntical 
patterns of growth. By contrast cells exposed to CPZ, 10 llg / ml 
a nd UV-A 1 J/cm2 showed a considerable depression of cellular 
growth (Fig 2). The mean doubling time of 5 experimen ts was 
35.6 hr for cells receiving CPZ plus UV-A compared to 16.2 hr 
in all control groups. 
In determining th e subleth al dose response range for CPZ 
plus a constan t dose of UV-A, we found that wi t h increasing 
CPZ concentrations there was a decreasing fract ion of t h e cells 
able to exclude trypan blue. At a concen tration of 20 /Lg/ ml 
CPZ, only 32% of t h e cells excluded trypan blue 6 h r post-
treatment whereas 84% of cells in control groups excluded dye. 
CPZ that was pre-irradiated with UVA 1 J/cm2 had no effect 
on cell viability or cell growth . 
There was a gradual d ecline in cellular growth wi th increasing 
concen trations of CPZ, 2.5-20 /Lg/ ml, plus UV-A (Fig 3). CPX 
10 llglml, with a nd without UV-A expos ure, h ad no effect on 
cell proliferation. 
The sedimentation pattern in alkaline sucrose gradien ts of 
tritiated DNA from norma l huma n fibroblasts is shown in Fig 
4. In control cells treated with CPZ alone or with UV -A alone 
radioactivity was recovered in a single peak near th e cen ter of 
the gradient at a point calle d the control position. Radioactivity 
from labeled cells treated with CPZ 20 /Lg/ml and irradiated 
with UV-A 1 J/cm2 was recovered in a s ingle peak nea1· the top 
of the centrifuge tube showing t hat DNA from treated cells 
sedimented more slowly in alkaline sucrose than DNA from 
control cells. The molecular weight of the untreated con trol 
DNA was calculated to be a pproximately 3.2 X 108 daltons 
when compared to DNA from bacteriophage lambda; that of 
DNA from cells treated with CPZ and UV-A was 4.6 X 107 
d altons. Radioactive label from cells treated with CPX was 
recovered in the control position whether or not cells h a d been 
irradiated. With increasing CPZ concentrations the peak of 
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FIG 2. Inhibition of cell growth by chlorpromazine and UV-light. 
Growth curves of normal human fibroblasts derived from neonatal 
foreskin (36CCZ) incubated 15 min in the dark with chlorpromazine 10 
pg/ ml (o) or saline (o) and irradiated wi th UV-A 1 J /cm2 Cells were 
treated while in log phase of growth as described in the text. Each point 
on the curves is the mean of 5 experiments (CPZ + UV -A) or 8 
experiments (controls). Bars indicate the standard error of the mean 
(SEM). 
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FIG 3. Effect of chlorpromazine concentration on tlbroblast photo-
toxicity. Growth curves of normal human flbroblast..s derived from 
neonatal human foreskin (36CCZ) incubated 15 min in the dark with 
chlorpromazine concentrations from 2.5 to 20 J.Lg/ml and irradiated with 
UV-A 1 J/cm~ . Controls were incubated with saline and irradiated. 
CeUs were treated while in the log phase of growth . 
radioactivity sedimented progressively more slowly and was 
recovered nearer the top of the gradient (Fig 5). Recovery of 
radioactive label was identical when cells were inadiated at 0° 
a nd at 20°C. 
DISCUSSION 
We have shown that low concentrations of chlorpromazine 
(2.5 to 20 llg/ ml) in combination with UV-A (1 J /cm2) are 
cytotoxic for normal human fibroblasts. Treated cells exhibited 
inhibition of proliferation and cell death. The fraction of viable 
cells capable of excluding trypan blue 6 hr post treatment was 
progressively reduced with increasing CPZ concentrations. The 
c urve of cellular growth after CPZ plus UV -A showed a biphasic 
configuration with an initial drop in cell number followed by 
varying degrees of proliferative recovery (Fig 2). The maximal 
period ofphototoxicity was observed during the first 24 hr. This 
initial loss of viability as reflected by the dye studies and the 
low cell counts, may result from injury to the plasma membrane 
which prevents cellular attachment. This type of membrane 
injury has been documented in red blood cells [3]. Proliferative 
recovery, part icularly for the higher CPZ concentrations ap-
peared to be incomplete. The generation times and cell density 
levels of treated groups remained different from those observed 
in the control groups for the entire 2 weeks of the experiment. 
Using a s imilar experimental model, the phototoxic action of 
· CPZ as compared to 4,5' ,8-trimethylpsoralen (TMP) shows 
striking differences in growth cmve patterns [16]. The pattern 
of TMP plus UV -A is triphasic with a 24-36 111' post treatment 
period of proliferative activity prior to a prolonged interval of 
greater inhibition which is then followed by proliferative recov-
ery. After exposure to CPZ, the growth pattern is biphasic with 
an initial d1·op in cell numbers followed by varying degrees of 
proliferative recovery. Whether this attenuated recovery is due 
to a lower replication rate in all cells or to the fact that a 
fraction of cells are dividing at a normal speed a nd the rest not 
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FIG 4. Recovery of radioactive counts from human cutaneous fib ro-
blasts (36 CCZ) labeled with tritiated thymidine after sedimentation 
(49,000 RPM, 25 min) in an alkaline sucrose gradient (pH 12.2, 5-23% 
sucrose). Cells were harvested immediately after exposure to 20 J.Lg/ ml 
chlorpromazine (CPZ) (o-o-o) or chlorprotixene (CPX) (0-0-0) alone; 
or to CPZ <•-•-•> or CPX <•-•-•> in the presence of UV light 
(1 J / cm2) as described in the text. 
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FJG 5. Recovery of radioactive counts from human cutaneous fibro-
blasts (36 CCZ labeled with tri tiated thymidine after sedimentation 
(49,000 RPM, 25 min) in an alkaline sucrose gradient (pH 12.2, 5- 23% 
sucrose). Cells were harvested immediately as described in the text 
after exposure to UV-A (1 J / cm2) in the presence of chlorpromazine 10 
J.Lg/ ml (e-e-e), 20 J.Lg/ ml (&-&-&) or 30 J.lg/ ml (---- ). Total 
counts due to tritium recovered in the peak fractions in each gradient 
are shown in parentheses on each curve. 
at all , can not be determined from the presen t data. Neither do 
our data enable us to distinguish to what degree cellular repair 
mecha nisms are operative. 
Pre- irradiated solu t ions of CPZ did not affect fibroblast 
growth . This is in contrast to the effect in vivo in guinea pig 
skin [2] as well as to the reported lytic effect on red blood cells 
wit h similar concentrations of pre-irradiated CPZ [5]. The 
phototoxic effect that we observed using cultUJ'ed huma n fibro-
blasts can not be explained by toxic photoproducts under ouT 
conditions. A 15 min exposure to CPZ alone (2.5 to 20 J.Lg/ tnl) 
also did not affect the growth of fibroblasts although we have 
no data about whether longer exposmes or higher doses would 
· produce an effect. 
Chlorpromazine has t he capacity to bind to DNA in the 
presence of light, [7,8] a nd it has been suggested that the 
molecule might intercalate between the 2 DNA strands [8]. To 
study the CPZ-DNA interaction we used the technique of zone 
sedimentation in alkaline sucrose [18]. Treatment of fibroblasts 
with agents such as trimethylpsoralen and mitomycin C pro-
duces interstra nd DNA cross-links a nd labeled DNA sediments 
more rapidly in alkaline gradients than does DNA fl'om con-
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trois. U nder such conditions cross- linked lJN A does not dena-
ture and sed iments more rapidly tha n denatured, native DNA. 
With CPZ, no cross-linked material could be detected. Rather, 
the radioactive label was recovered fTo m the fractions near the 
top of the tu be ind icating that treated DNA sedimented more 
slowly than native DNA. T he results suggest that the size of 
the DNA was reduced by exposure to CPZ and light . This effect 
was dose related (Fig 5) and was independent of low tempera-
tures because irradia ting the cells on ice did not change the 
recovery pattern. Degradative enzymatic processes are thus not 
likely to be responsible for reducing the size of the DNA. 
Growth of fibro blasts treated with CPX and UV-A was not 
impaired. Also, D NA from fibroblasts treated wi th CPX was 
recovered in the control position whether or not cells were 
irrad iated. T his could be explained by the fa ilure of CP X to 
bind to D NA or because this compound is not photoactivated. 
T his lack of phototoxic action for CPX is in agreement wi th 
resul ts obtained in vivo, although in a yeast system where cells 
irrad iated with UV-A over an extended period of time, CPX 
was phototoxic [15]. 
Our resul ts show that dur ing chlorpromazine phototoxicity 
CPZ in the presence of long-wave UV ligh t damages DNA by 
introducing strand breakage, and causes growth suppression. 
T he modifi cations in cell growth and the cytotoxicity observed 
could also be explained by direct dam age to cellular membranes 
as reported by others. In ouJ· system, however , we did not fi nd 
evidence that photoproducts of CPZ are toxic to cultured cells. 
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